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inch (in.)

foot (ft)

foot squared per day (ft2/d)
cubic foot (ft3)

gallon per minute (gal/min)
mile (mi)
square mile (miz)

acre

million gallon per year (Mgal/yr)
degree Fahrenheit

Conversion Factors
By

254
3048
09290
.02832
.06309

1.609

2.590
4,047
3,785

5/9 x ("“"F-32)

To obtain

millimeter

meter

meter squared per day
cubic meter

liter per second
kilometer

square kilometer
square meter

cubic meter per year

degree Celsius

Sea level: In this report “sea level” refers to the National Geodetic Vertical Datum of 1929—geodetic datum derived
from a general adjustment of the first-order level nets of both the United States and Canada, formerly called “Sea Level

Datum of 1929”.
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CONVERSION OF THE TWIN CITIES METROPOLITAN AREA NUMERICAL
GROUND-WATER-FLOW MODEL FROM THE TRESCOTT-LARSON
COMPUTER CODE TO THE MCDONALD-HARBAUGH COMPUTER CODE

By R. J. Lindgren

Abstract

A numerical model of ground-water flow in the Twin Cities metropolitan area was converted from the Trescott-
Larson computer code to the McDonald-Harbaugh computer code to facilitate current and future use of the model
using up-to-date computer software and hardware. Differences exist between the two computer codes in how head-
dependent source-sink functions, including leaky rivers, springs and seepage faces (drains), and head-dependent flux
boundaries, are formulated. Because of differences in the formulation and calculation of the conductance terms, the
conductance values for the head-dependent source-sink functions from the Trescott-Larson Twin Cities model were
multiplied by the area of the appropriate model cell for conversion to the McDonald-Harbaugh Twin Cities model.
Leaky rivers were simulated using the river package in the McDonald-Harbaugh Twin Cities model, springs and
seepage faces were simulated using the drain package, and head-dependent flux boundaries were simulated using the
general-head boundary package.

Hydraulic heads and flows in the aquifer system calculated by the McDonald-Harbaugh Twin Cities model were
compared to those calculated by the Trescott-Larson Twin Cities model to verify that the results calculated by the two
models are similar. Mean differences in calculated hydraulic heads for the drift, drift and St. Peter aquifer, and drift
and Prairie du Chien-Jordan aquifer model layers ranged from 1.1 to 1.6 feet. Mean differences in calculated
hydraulic heads for the drift and Ironton-Galesville aquifer, drift and Eau Claire confining unit, and drift and Mount
Simon-Hinckley aquifer model layers were 0.4 feet or less. Large differences in calculated hydraulic heads at a few
cells probably were due to differences in the solution methods used in the McDonald-Harbaugh and Trescott-Larson
computer codes to calculate hydraulic heads at and near model layer boundaries.

Differences in calculated flow rates for the McDonald-Harbaugh and Trescott-Larson Twin Cities models were less
than 0.3 cubic feet per second for recharge and the head-dependent source-sink functions. Differences in calculated
flow in and flow out of constant-head cells for each model layer for the two models ranged from about 2 cubic feet per
second for the Mount Simon-Hinckley aquifer model layer to about 45 cubic feet per second for the Prairie du Chien-
Jordan aquifer model layer. The differences between the net flow rates at constant-head cells calculated by the two
models for each model layer were much smaller, ranging from 0.01 cubic feet per second for the Ironton-Galesville
and Mount Simon-Hinckley aquifer model layers to 8.39 cubic feet per second for the St. Peter aquifer model layer.
Differences in the calculated ground-water budgets for the two models were 5.3 percent for the total sources and 4.4
percent for the total sinks.

Introduction

A three-phase, multi-year study was conducted from
1980 to 1990 by the U. S. Geological Survey, in
cooperation with the Minnesota Department of Natural
Resources (MDNR) and the Metropolitan Council of the
Twin Cities, to (1) develop a detailed understanding of
the hydrogeologic system in the Twin Cities
metropolitan area, (2) evaluate the hydrologic effects of
continued development of ground-water supplies, and
(3) provide sound technical information and a predictive
tool for wise continued development of ground-water
supplies. In the first phase, Guswa and others (1982)
developed a preliminary ground-water-flow model.
Numerical models of ground-water flow provide
quantitative information on the effects of complex and
dynamic variations in natural and man-made stresses on
the ground-water system. In the second phase, Horn
(1983, 1984) and Schoenberg (1984) collected and

reported additional water-use and potentiometric data,
respectively. In the third phase, Schoenberg (1990)
consolidated geologic and hydrologic information on
the aquifer system in the study area and described the
development and application of a model to simulate
ground-water flow for 1970-79. The consequences of
various water-use scenarios, which illustrate possible
responses of the aquifer system to successively
increasing demands on the ground-water resource, also
were investigated.

Schoenberg (1990) simulated the aquifer system in
the Twin Cities metropolitan area and the effects of
ground-water withdrawals on the aquifer system using a
numerical ground-water-flow model based on the
computer code described by Trescott (1975) and
Trescott and Larson (1976). The Trescott (1975) and
Trescott and Larson (1976) computer code will



hereinafter be termed the Trescott-Larson computer
code. The numerical ground-water-flow model of the
aquifer system in the Twin Cities metropolitan area
developed by Schoenberg (1990), including the
Trescott-Larson computer code and the required input
data, will hereinafter be termed the Trescott-Larson
Twin Cities model. The Trescott-Larson Twin Cities
model was run on a mainframe computer at the
University of Minnesota. The large number of nodes
and layers in the model required a computer with greater
storage and memory capacity than was available in the
Minnesota District office at the time.

Since the development of the Trescott-Larson Twin
Cities model, new computer hardware and numerical-
model computer codes have been developed that can be
used to more efficiently simulate ground-water systems.
Personal computers (PC’s) and Unix workstations are
currently available and in use in the U.S. Geological
Survey and other government agencies that can
efficiently run large numerical ground-water-flow
models. Large mainframe computers are no longer
necessary to run these models. The computer code that
is currently used most widely within the U. S.
Geological Survey to simulate ground-water flow in the
saturated zone is the U. S. Geological Survey modular
code developed by McDonald and Harbaugh (1988).
The U.S. Geological Survey modular code developed by
McDonald and Harbaugh (1988) will hereinafter be
termed the McDonald-Harbaugh computer code. The
McDonald-Harbaugh computer code uses finite-
difference methods to obtain approximate solutions to
partial-differential equations of ground-water flow,
similar to the Trescott-Larson computer code. Both
computer codes incorporate horizontal- and vertical-
flow equations, hydrogeologic characteristics of
aquifers, and recharge and discharge from the aquifer
system to determine hydraulic heads and fluxes in the
aquifer system. An improvement made available by the
McDonald-Harbaugh computer code is modularization,
which allows for the incorporation of new and improved
modules, or packages to be used in simulating ground-
water flow as they become available. New modules or
packages that have been developed since the release of
the original McDonald-Harbaugh computer code
include packages dealing with ground-water/surface-
water interaction, drying and rewetting of model cells,
and additional numerical solvers. The Trescott-Larson
Twin Cities model was converted from the Trescott-
Larson computer code to the McDonald-Harbaugh
computer code to facilitate current and future use of the
Twin Cities model using up-to-date computer software
and hardware, including personal computers and Unix
workstations. The converted Trescott-Larson Twin

Cities model using the McDonald-Harbaugh computer
code and modified, when necessary, input data, will
hereinafter be termed the McDonald-Harbaugh Twin
Cities model.

Purpose and Scope

The purpose of this report is to (1) describe changes
in the model input data that were needed to convert the
Twin Cities model from the Trescott-Larson computer
code to the McDonald-Harbaugh computer code, (2)
compare the calculated hydraulic heads and fluxes in the
aquifer system for the McDonald-Harbaugh Twin Cities
model to the calculated hydraulic heads and fluxes in the
aquifer system for the Trescott-Larson Twin Cities
model, and (3) document the input data for the
McDonald-Harbaugh Twin Cities model packages. A
brief description of the aquifer system and the
corresponding model layers is provided. Boundary
conditions for the Trescott-Larson Twin Cities model
are also discussed. Boundary conditions representing
head-dependent source-sink functions, including rivers,
springs or drains, and head-dependent boundary fluxes,
are formulated differently in the two model computer
codes. Changes to the input data for the McDonald-
Harbaugh Twin Cities model (as compared to the input
data for the Trescott-Larson Twin Cities model) needed
to account for these differences are explained. Changes
in formats needed to convert the input data arrays from
the Trescott-Larson Twin Cities model to the
McDonald-Harbaugh Twin Cities model are
straightforward and are not discussed. The reader is
referred to Schoenberg (1990) for a complete discussion
of the aquifer system and the design and calibration of
the Trescott-Larson Twin Cities model.

Description of Trescott-Larson Twin Cities Model

The aquifer system underlying the Twin Cities
metropolitan area (Twin Cities aquifer system) in east-
central Minnesota (fig. 1) consists of 9 hydrogeologic
units, including drift, 4 aquifers and 4 confining units
(fig. 2). Schoenberg (1990) developed a numerical
ground-water-flow model (Trescott-Larson Twin Cities
model) based on the Trescott-Larson computer code to
simulate the effects of ground-water withdrawals on the
aquifer system. The Trescott-Larson Twin Cities model
was calibrated under equilibrium (steady-state)
conditions for 1970-79.

The model area is represented by a variably-spaced
grid having 59 west-east rows and 69 north-south
columns. Cells with transmissivity equal to zero are
inserted at the model boundaries in each layer by the
Trescott-Larson computer code. The cells in these
outermost rows (1 and 59) and columns (1 and 69) are









inactive cells, but are needed by the Trescott-Larson
computer code to calculate hydraulic heads and flows at
the model- layer boundaries. The model grid is shown
in figure 3 (the inactive boundary cells are not shown).
Cell dimensions range from 2,000 ft x 2,000 ft to 20,000
ft x 24,000 ft. The smallest cells are located in areas
representing either actual or potential steep hydraulic-
head gradients around major pumping centers in the
vicinity of Minneapolis, St. Paul, and present-day river
valleys. Conversely, near the edge of the model, away
from the centers of heavy use and areas of naturally
steep hydraulic-head gradients, grid cells are large.

The aquifer system was divided into 10 layers for the
Trescott-Larson Twin Cities model (fig. 4). The top
layer (layer 10) represents drift near the center of the
model area. All other layers represent both drift and
bedrock. The layers represent, in order of increasing
depth below land surface, the St. Peter (layer 9), Prairie
du Chien-Jordan (layer 8), Ironton-Galesville (layer 7),
and Mount Simon-Hinckley (layer 1) aquifers. The Eau
Claire confining unit is represented by model layers 2-6.
Implicitly represented between the layers using leakage
coefficients, in order of increasing depth below land
surface, are the Decorah-Platteville-Glenwood (9-10;
between model layers 9 and 10), lower St. Peter (8-9;
between model layers 8 and 9), St. Lawrence-Franconia
(7-8; between model layers 7 and 8), and Eau Claire (6-
7 through 1-2) confining units (fig. 4). Where the
hydrogeologic units (either bedrock or drift or both) are
absent in each layer, no-flow cells with transmissivity
equal to zero were inserted. The Eau Claire confining
unit was explicitly represented as multiple layers so that
accurate flow from storage in the confining unit could be
simulated at a later date under time-dependent
(transient) conditions.

Model cells representing either solely bedrock or
solely drift were assigned transmissivity values
calculated from the product of average horizontal
hydraulic conductivity and thickness. In many areas,
bedrock hydrogeologic units are either partially or
completely cut by pre-glacial valleys and the valleys are
filled with drift. Model cells at these locations represent
both bedrock and drift. For these, transmissivity was
calculated from the relative percentages of bedrock and
drift in the cell represented. This step was taken to
represent and simulate the effects of drift-filled, bedrock
valleys on ground-water flow. Vertical flow in the
aquifer system was simulated by allowing leakage
through semi-confining units. A leakage coefficient was
calculated for each model cell by dividing the vertical
hydraulic conductivity of the semi-confining unit by its
thickness. In places where model-grid cells represent
both drift and bedrock, the calculations of leakage

coefficients took into account the relative percentage of
bedrock and drift in the cell.

Boundary conditions
In order to calculate heads in the numerical model,

either hydraulic head or flux must be given at the fixed
hydraulic boundaries of the model. Hydraulic
boundaries were specified at the edge of the model
(external boundaries) or within the area represented by
the model (internal boundaries). External boundaries
represent the lateral extent or hydraulic head and flow
conditions of each aquifer at the edge of the model. The
top and bottom external boundaries are the water table
and the base of the aquifer system, respectively.
Internal boundary conditions represent leaky rivers,
springs and seepage faces, and hydraulic heads along
rivers and at lakes. Boundary conditions used in the
Trescott-Larson Twin Cities model are shown in
Schoenberg (1990, fig. 29 a-e, p. 59-63).

No-flow boundaries were used to (1) terminate a
layer where it is absent within the model, (2) terminate a
layer at the edge of the model, and (3) prevent flow
through the base of the model. Constant heads were
used as the boundary condition to represent lakes and
the Cannon, Rum, and Crow Rivers.

The channels of the Mississippi, Minnesota, and St.
Croix Rivers are important discharge areas for the
aquifer system. The volume of water gained or lost by
the rivers is a function of the (1) difference between
river stage and aquifer heads, (2) vertical hydraulic
conductivity of the streambed material, and (3)
thickness of the streambed. The value for vertical
hydraulic conductivity of the streambed was based on
the observation that all the major river valleys in the
study area are filled with alluvium or reworked glacial
drift. In the model, streambed thickness was simulated
as the thickness of drift and alluvium between the top of
the cell which the river flowed through and the center of
that cell (one-half the cell thickness). When aquifer
head exceeds river stage, the river gains water from the
aquifer. Conversely, when river stage exceeds aquifer
head, the river loses water to the aquifer. Infiltration of
river water to the aquifer increases from zero when the
calculated aquifer head equals river stage to a maximum
when the calculated aquifer head equals the altitude of
the river bottom.

Springs and seepage faces are present throughout the
model] area along the Mississippi, Minnesota, and St.
Croix Rivers. These were simulated as being present at
the center of the cell that represents the edge of the
aquifer. The volume of water lost through springs or
seeps was proportional to the head calculated at the
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center of the cell and the altitude of the seep or spring.
If the calculated head was the same or less than the
discharge altitude, discharge ceased. In contrastto a
leaky river bed, water can only flow out of a seep or
spring, not into it.

A head-dependent flux boundary was used along the
southern edge of model layer 1, representing the Mount
Simon-Hinckley aquifer. This boundary condition is
used to simulate a water source outside the model areas
that supplies water to cells along the boundary of the
area represented by the model. Water is supplied to the
boundary at a rate proportional to the head difference
between the source and the head calculated at the center
of the boundary cell and the hydraulic conductivity of
the aquifer material between the locations. The source

of water was located about 17 miles south of the model
boundary at the approximate flow divide in the Mount
Simon-Hinckley aquifer (Delin and Woodward, 1985).

In addition to the boundary conditions at the fixed
hydraulic boundaries of the model, fluxes that vary with
time must be described. In the aquifer system, recharge
from precipitation represents an external flux while
pumping represents an internal flux. Recharge from
precipitation to the aquifer system was simulated by
applying a flux of 3.5 in./yr (inches per year) of water to
the uppermost model layer at each cell, except for
constant-head cells. All wells pumping more than 10
Mgal/yr were simulated in the model. Intermittent
pumping from known industrial and commercial users
pumping 2 to 10 Mgal/yr also was simulated.



Conversion of Twin Cities Model

The Trescott-Larson Twin Cities model was
converted from the Trescott-Larson computer code to
the McDonald-Harbaugh computer code to facilitate
current and future use of the model using up-to-date
computer software and hardware. Up-to-date software
and hardware includes new modules or packages for the
McDonald-Harbaugh computer code and personal
computers and Unix workstations. The data files
representing the hydrogeologic chacacteristics of the
aquifers and confining units and recharge to and
discharge from the aquifer system were changed from
formats used in the Trescott-Larson computer code to
the formats used in the McDonald-Harbaugh computer
code. The Trescott-Larson computer code designates
the bottom layer in the aquifer system as model layer 1
and then numbers model layers sequentially in
ascending order from the bottom to top of the aquifer
system being simulated. Conversely, the McDonald-
Harbaugh computer code designates the top layer in the
aquifer system as model layer 1 and then numbers
model layers sequentially from top to bottom (fig. 4).
Changes were made to the data files to correct for this
difference between the two computer codes in the
numbering of model layers. Differences also exist
between the two computer codes in how head-
dependent source-sink functions are formulated.
Modifications to the appropriate data files were needed
to correct for these differences in formulation.

Following conversion of the data files for the
Trescott-Larson Twin Cities model to the appropriate
formats and formulations needed for the McDonald-
Harbaugh computer code, the McDonald-Harbaugh
Twin Cities model was run on a Unix-based computer
system. The numerical solution parameters
(acceleration parameter and seed) were adjusted until
convergence of the numerical solution was attained.
The input data arrays for the McDonald-Harbaugh Twin
Cities model are listed in the Supplemental Information
section. Hydraulic heads and fluxes in the aquifer
system calculated by the McDonald-Harbaugh Twin
Cities model were compared to hydraulic heads and
fluxes calculated by the Trescott-Larson Twin Cities
model to verify that the results calculated by the two
models are similar.

Formulation of Head-Dependent Source-Sink
Functions

Differences exist between the Trescott-Larson
computer code and the McDonald-Harbaugh computer
code in how head-dependent source-sink functions are
formulated. Head-dependent source-sink functions
simulated in the two Twin Cities models are leaky
rivers, springs and seepage faces (drains), and a head-

dependent flux boundary along the southern edge of the
model layer representing the Mount Simon-Hinckley
aquifer.

In both the Trescott-Larson computer code and in the
McDonald-Harbaugh computer code, the general
mathematical expression used to approximate head-
dependent source-sink functions is:

QSS = CSS (HSS-h),
where

QSS = the flow rate derived from the head-dependent
function [variable units];

CSS =a conductance term that describes the linear
relationship between the head [variable units] difference
(HSS-h) and the flow rate;

HSS = the fixed head that controls the flow rate, such
as the water level in a river or the spring or drain
discharge elevation [L]; and

h = the calculated head at a cell in the model [L)].

For the modified or quasi 3-D approach used in the
Trescott-Larson computer code, CSS is calculated as:

CSS =k/d x [A (flow)/A (cell)]
where

k = the hydraulic conductivity [L/T];

d = the length of the flow path [L];

A(flow) = the cross-sectional area of flow, [L?] and;
A(cell) = the area of the cell [L?].

The term CSS has the dimensions 1/T. Using leaky
rivers as an example, k is the hydraulic conductivity of
the streambed, d is the thickness of the streambed,
A(flow) is the cross-sectional area of the streambed
contained in the cell, and A(cell) is the area of the cell.

In the McDonald-Harbaugh computer code, CSS is
calculated as:

CSS =k/d x A(flow).
Dimensions of the term CSS in this case are L%/T.

The equivalent equations and symbols used by
McDonald and Harbaugh (1988) are:

QRIV = CRIV (HRIV - hy; 1)
and

CRIV = KLW/M
where

QRIV is equivalent to QSS;
CRIV is equivalent to CSS;
HRIV is equivalent to HSS;

hi,j,k is equivalent to h at cell i,j,k;
K is equivalent to k;

LW is equivalent to A (flow); and
M is equivalent to d.



Because of the differences between the two computer
codes in the formulation and calculation of the
conductance terms, the data input values for
conductance for the head-dependent source-sink
functions from the Trescott-Larson Twin Cities model
were multiplied by the area of the appropriate model
cell for conversion to the McDonald-Harbaugh Twin
Cities model. Leaky rivers were simulated using the
river package in the McDonald-Harbaugh computer
code, springs and seepage faces were simulated using
the drain package, and a head-dependent flux boundary
along the southern edge of model layer 10, representing
the Mount Simon-Hinckley aquifer, was simulated using
the general-head boundary package.

Comparison of Hydraulic Heads and Flows

Hydraulic heads and flows in the aquifer system
calculated by the McDonald-Harbaugh Twin Cities
model were compared to those calculated by the
Trescott-Larson Twin Cities model to verify that the
results calculated by the two models were similar. The
calculated hydraulic heads for the McDonald-Harbaugh
and Trescott-Larson Twin Cities models were similar,
except at a few cells in the drift, drift and St. Peter
aquifer, drift and Prairie du Chien-Jordan aquifer, and
drift and Ironton-Galesville aquifer model layers. Table
1 summarizes the differences in calculated hydraulic
heads for the two models by model layer. Mean

differences in hydraulic heads for the drift, drift and St.
Peter aquifer, and drift and Prairie du Chien-Jordan
aquifer model layers ranged from 1.1 to 1.6 ft (table 1).
The mean differences in hydraulic heads were relatively
small, considering the large differences at a few cells.
Mean differences in hydraulic heads for the rest of the
model layers are 0.4 ft or less (table 1). The largest
positive differences between calculated hydraulic heads
for the two models were at cells in the drift, and in the
drift and St. Peter aquifer model layers. The largest
negative differences between calculated hydraulic heads
for the two models were at cells in the drift and St. Peter
aquifer, drift and Prairie du Chien-Jordan aquifer, and
drift and Ironton-Galesville aquifer model layers. Large
differences between calculated hydraulic heads for the
two models at a single cell were propagated to
neighboring cells in the same and adjacent model layers.
The largest head differences occurred adjacent to model
layer boundaries and were probably due to differences
in the solution methods used in the McDonald-
Harbaugh and Trescott-Larson computer codes to
calculate hydraulic heads at and near model layer
boundaries.

Flows in the aquifer system calculated by the
McDonald-Harbaugh Twin Cities model were similar to
the flows calculated by the Trescott-Larson Twin Cities
model. Table 2 shows the calculated ground-

Table 1.--Summary of differences in calculated hydraulic heads for the McDonald-Harbaugh Twin Cities
model compared to calculated hydraulic heads for the Trescott-Larson Twin Cities model

Maximum Maximum

Model Number of positive negative Mean

layer1 active cells difference? difference’ difference?
Drift (1) 1,283 48.6 8.3 1.3
Drift and St. Peter aquifer (2) 2,441 68.3 16.0 1.6
Drift and Prairie du Chien-Jordan aquifer (3) 3,535 16.3 13.5 1.1
Drift and Ironton-Galesville aquifer (4) 3,645 33 16.7 4
Drift and Eau Claire confining unit (5) 3,645 1.6 11.0 4
Drift and Eau Claire confining unit (6) 3,645 1.3 7.3 3
Drift and Eau Claire confining unit (7) 3,645 1.1 4.7 3
Drift and Eau Claire confining unit (8) 3,645 .8 2.8 2
Drift and Eau Claire confining unit (9) 3,645 .6 1.2 2
Drift and Mount Simon-Hinckley aquifer (10) 3,671 .5 5 1

I Number in parentheses is the layer number in the McDonald-Harbaugh Twin Cities model.

ZA positive difference indicates that the calculated hydraulic head for the McDonald-Harbaugh Twin Cities model is
greater than the calculated hydraulic head for the Trescott-Larson Twin Cities model.

3 Ane gative difference indicates that the calculated hydraulic head for the McDonald-Harbaugh Twin Cities model is less
than the calculated hydraulic head for the Trescott-Larson Twin Cities model.

4 The mean difference is the mean of the absolute values of the differences between the calculated hydraulic heads for the
McDonald-Harbaugh and Trescott-Larson Twin Cities models at each active cell in the model layer.
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Table 2.--Calculated ground-water budgets for the McDonald-Harbaugh and Trescott-Larson Twin Cities
models
[Flow in and flow out at constant-head cells includes boundary flow in and flow out of the model layer area at constant-head cells, flow
between lakes and the ground-water system, and flow between the Cannon, Rum, and Crow Rivers and the ground-water system. Flow in
head-dependent cells is flow in along the southern edge of the model layer representing the Mount Simon-Hinckley aquifer (general-head
boundary in McDonald-Harbaugh Twin Cities model). Net flow out of aquifer at leaky-river cells is the difference between ground-water
discharge to major rivers (Mississippi, Minnesota, and St. Croix Rivers) and leakage of water from major rivers to the aquifer. Model-
calculated seepage is ground-water discharge from springs and seepage faces.

Calculated flow rates in cubic feet per second.]

Sources Sinks
Net flow
Flow in at Flow out out of
Flowinat  head- at aquiferat  Model-
Model  constant- dependent | Pumping constant-  leaky-  calculated
Principal aquifer (model layer)1 recharge head cells cells wells head cells river cells seepage
Drift (1)
MH model? 127.34 52.26 0.0 4.60 11.85 0.0 0.19
TL model® 127.25 57.54 0.0 4.60 16.57 0.0 .19
Difference, in percent +.07 9.2 0 0 -28.5 0 0
St. Peter aquifer (2)
MH model? 207.30 126.22 0.0 5.29 22.68 87.42 11.01
TL model® 207.15 140.73 0.0 5.29 28.80 85.56 10.98
Difference, in percent +.07 -10.3 0 0 -21.2 +2.2 +.27
Prairie du Chien-Jordan aquifer (3)
MH model? 412.92 196.00 0.0 243.26 267.82 383.23 54.59
TL model3 412.63 240.99 0.0 243.26 312.02 382.49 54.29
Difference, in percent +.07 -18.7 0 0 -14.2 +.19 +.55
Ironton-Galesville aquifer (4)
MH model? 63.50 11.19 0.0 13.84 9.49 43.21 8.75
TL model® 63.46 13.52 0.0 13.84 11.81 43.18 8.73
Difference, in percent +.06 -17.2 0 0 -19.6 +.07 +.23
Mount Simon-Hinckley aquifer (10)
MH model? 35.07 3.32 35 33.48 17.25 17.53 0.0
TL model3 35.05 5.34 .39 33.48 19.26 17.52 0.0
Difference, in percent +.06 -37.8 -10.3 0 -10.4 +.06 0
Total for all layers
MH model? 846.13 388.99 35 300.47 329.09 531.39 74.54
TL model3 845.54 458.12 .39 300.47 388.46 528.75 74.19
Difference, in percent +.07 -15.1 -10.3 0 -15.3 +.50 +.47
Total for all layers
MH mode}? 1,235.47 1,235.491,
TL model® 1,304.05 291.87
Difference, in percent -5,3 -4.4

1 Model layer refers to model layer number in the McDonald-Harbaugh Twin Cities model.
2 MH model refers to the McDonald-Harbaugh Twin Cities model.
3 TL model refers to the Trescott-Larson Twin Cities model.
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water budgets for the McDonald-Harbaugh and
Trescott-Larson Twin Cities models. The calculated
flow rates for pumping were the same in the two models,
because pumping is simulated as input to both models.
The differences in calculated flow rates for the two
models for recharge and the head-dependent source-sink
functions (head-dependent cells, leaky-river cells, and
seepage (drains)) were less than 0.3 ft%/sec (cubic feet
per second) (table 2). The differences in calculated flow
rates at constant-head cells for each model layer for the
two models ranged from about 2 ft%/sec for the Mount

Simon-Hinckley aquifer model layer to about 45 ft*/sec
for the Prairie du Chien-Jordan aquifer model layer
(table 2). These differences in calculated flow rates at
constant-head cells for the two models were probably
due to the differences in hydraulic heads at and near the
model layer boundaries, previously discussed.
Differences in hydraulic heads at and near the model
layer boundaries change the hydraulic gradients and,
therefore, flow into and out of constant-head cells.
Although differences between calculated flow into and
calculated flow out of constant-head cells for each
model layer for both models were relatively large,
differences between the net calculated flow rate at
constant head-cells for each model layer for both
models were much smaller. The net calculated flow rate
at constant-head cells for each model layer is the
algebraic difference between the flow in and flow out of
constant-head cells for each model layer. Differences
between the net calculated flow rates at constant-head
cells for each model layer ranged from 0.01 ft3/sec for
the Ironton-Galesville aquifer and Mount Simon-
Hinckley aquifer model layers to 8.39 ft*/sec for the St.
Peter aquifer model layer. Both the total calculated flow
into constant-head cells for all model layers and the
calculated flow out of constant-head cells for all model
layers were about 15 percent smaller for the McDonald-
Harbaugh Twin Cities model (table 2). Differences in
the calculated ground-water budgets for the 2 models
were 5.3 percent for the total sources and 4.4 percent for
the total sinks.

Summary and Conclusions

Schoenberg (1990) simulated the aquifer system
underlying the Twin Cities metropolitan area and the
effects of ground-water withdrawals on the aquifer
system using a numerical ground-water-flow model
based on the Trescott (1975) and Trescott and Larson
(1976) computer code. The Twin Cities aquifer system
consists of 9 hydrgeologic units, including drift, 4
aquifers, and 4 confining units. The aquifer system was
divided into 10 layers for the Trescott-Larson Twin
Cities model.

The Trescott-Larson Twin Cities model was converted
from the Trescott-Larson computer code to the
McDonald-Harbaugh computer code to facilitate current
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and future use of the Twin Cities mode! using up-to-date
computer software and hardware. Up-to-date software
and hardware includes new modules or packages for the
McDonald-Harbaugh computer code and personal
computers and Unix workstations. Because of
differences between the two computer codes in the
formulation and calculation of the conductance terms,
the data input values for conductance for the head-
dependent source-sink functions from the Trescott-
Larson Twin Cities model were multiplied by the area of
the appropriate model cell for conversion to the
McDonald-Harbaugh Twin Cities model. Head-
dependent source-sink functions simulated in the two
models are leaky rivers, springs and seepage faces
(drains), and head-dependent flux boundaries. Leaky
rivers were simulated using the river package in the
McDonald-Harbaugh computer code, springs and
seepage faces were simulated using the drain package,
and head-dependent flux boundaries were simulated
using the general-head boundary package.

Following conversion of the data files for the
Trescott-Larson Twin Cities model to the appropriate
formats and formulations needed for the McDonald-
Harbaugh computer code, the McDonald-Harbaugh
Twin Cities model was run on a Unix-based computer
system. Hydraulic heads and fluxes in the aquifer
system calculated by the McDonald-Harbaugh Twin
Cities model were compared to hydraulic heads and
fluxes calculated by the Trescott-Larson Twin Cities
model to verify that the results calculated by the two
models were similar.

The calculated hydraulic heads for the McDonald-
Harbaugh and Trescott-Larson Twin Cities models were
similar, except at a few cells in the drift, drift and St.
Peter aquifer, drift and Prairie du Chien-Jordan aquifer,
and drift and Ironton-Galesville aquifer model layers.
Mean differences in hydraulic heads for the drift, drift
and St. Peter aquifer, and drift and Prairie du Chien-
Jordan aquifer model layers ranged from 1.1 to 1.6 ft.
The mean differences in hydraulic heads were relatively
small, considering the large differences at a few cells.
Mean differences in hydraulic heads for the rest of the
model layers were 0.4 ft or less.

The differences in calculated flow rates for the two
models for recharge and the head-dependent source-sink
functions (head-dependent cells, leaky-river cells, and
seepage (drains)) were less than 0.3 ft*/sec. The
differences in calculated flow rates at constant-head
cells for each model layer for the two models ranged
from about 2 ft*/sec for the Mount Simon-Hinckley
aquifer model layer to about 45 ft3/sec for the Prairie du
Chien-Jordan aquifer model layer. Although differences
between calculated flow into and calculated flow out of
constant-head cells for each model layer for both
models were relatively large, differences between the




net calculated flow rate at constant-head cells for each
model layer for both models were much smaller.
Differences between the net calculated flow rates at
constant-head cells for each model layer ranged from
0.01 ft¥/sec for the Ironton-Galesville aquifer and
Mount Simon-Hinckley aquifer mode! layers to 8.39
ft>/sec for the St. Peter aquifer model layer. Differences
in the calculated ground-water budgets for the two
models were 5.3 percent for the total sources and 4.4
percent for the total sinks.
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Differences in Calculated Hydraulic Heads

The differences in calculated hydraulic heads between the McDonald-Harbaugh and Trescott-Larson Twin Cities
models for each model cell by model layer are given in feet in this section. The values for each model layer are listed
by row and column (cell) location as follows:

Column

Row 1 2 3 4 5 6 7 8 9 10
1 12 13 14 15 16 17 18 19 20
21 22 23 24 25 26 27 28 29 30
31 32 33 34 35 36 37 38 39 40
41 42 43 44 45 46 47 48 49 50
51 52 53 54 55 56 57 58 59 60
61 62 63 64 65 66 67 68 69

A value of -99.0 indicates an inactive cell. A positive difference indicates that the calculated hydraulic head for the
McDonald-Harbaugh Twin Cities model is greater than the calculated hydraulic head for the Trescott-Larson Twin
Cities model. A negative difference indicates that the calculated hydraulic head for the McDonald-Harbaugh Twin
Cities model is less than the calculated hydraulic head for the Trescott-Larson Twin Cities model.
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Model Layer 1
1 -99.0 -99.
-99.0 -99.
-99.0 -99.
-99.0 -99.
-99.0 -99.
-99.0 -99.
-99.0 -99.
2 -99.0 -99.
-99.0 -99.
-99.0 -99.
-99.0 -99.
-99.0 -99.
-99.0 -99.
-99.0 -99.
3 -99.0 -99.
-99.0 -99.
-99.0 -99.
-99.0 -99.
-99.0 -99.
-99.0 -99.
-99.0 -99.
4 -99.0 -99.
-99.0 -99.
-99.0 -99.
-99.0 -99.
-99.0 -99.
-99.0 -99.
-99.0 -99.
5 -99.0 -99.
-99.0 -99.
-99.0 -99.
-99.0 ~-99.
-99.0 -99.
-99.0 -99.
-99.0 -99.
6 -99.0 -99.
-99.0 -99.
-99.0 -99.
-99.0 -99.
-99.0 -99.
-99.0 -99.
-99.0 -99.
7 -99.0 -99.
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-99.0 -99.
-99.0 -99.
8 -99.0 -99.
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-99.0
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-99.0

.1
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0
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-99.0
-99.0

-99.0
-99.0
-99.0

-99.0
-99.0
-99.0
-99.0

-99.0
-99.0
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-0.1

.3

-0.7

-99.0

.2

-0

-0

-99.0 -99.0 -99.0

-99.0
-99.0
-99.0
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